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AN IN7ESTIQATI0N CF ElOOT LEVELS III 
FROM TBS T^(d,p)?^^ REACTION 
W 



E* Sehmser and Igrla A* Cox 



Sul»lttod to tha Fhyaies Departwnt in Partial FulflUaant of tha 
Raqoiroaanta for tha Degraa of 
Ills tar of Seisnoe 

ABSTRACT 

For about a yaar, tha KET-ONR Van da Qraaff generator hat 
baan in operation. It is capable of aecalarating charged particles 
to energies of about 8.!? Mbt and of sxipplylng baaa currents of about 
0.3 Mloroaapere. The generator accelerates the particles Tortlcally 
dcmaeard into a deflecting nagnat uhich acts as a Boaentua filter 
and deflects the beaa particles throned 90 degrees* The particle 
beaa than trasels horisontally through a ooUiaatlng slit systea to 
ioplnga upon a thin target* The energy spectns of the product par- 
ticles esnrglng at 90 degrees to the incident beaa is analysed by 
aeans of an annular aignetle spectrograph ahich esploys 180-dagree 
focusing* Tha particles are detected by obserrlng the tracks aada 
on nuclear aaulsions* The tracks are counted tsider a aicroscopei 
the madser of particles is plotted sersua diSMter of curvature j 
and froa these plots, the energies of the particle groi^ are co»> 
puted* The energy of the incident particles la deteralned by nsas- 
urlng their deflection after they base been elastioally scattered 
froa a kncsm tax^Eet nucleus* 

The above sqtdpaent aas used to investigate energy leve^ in 
V52 by the v51(d,p)f?2 reaction* The energy-level systea of 
had previously been investigated, aainly by Bartholoasw and Kinsey^ 
by fflsans of the ?51(n,Y)?52 reaction* Earlier, (d,p) reactions aere 
reported by Davidson^, HarvsyS, and Abraaov^. 

The targets ss^loyed in this survey sere rnsde by evaporating 
thin layers of purs vansdlua onto Foraver baokii^* Special hard- 
vaoa and techniques asrs developed for the target-prepsration proc- 
ess ahich should be of value in evaporating other hl^-Bsltlng point 
or scarce naterials* 

The energy spectna of the product protons aas anal3rsed and 
proton particle groups corresponding to the ground state and nine- 
teen excited levels In v” aere fouiKi in the range of excitation 
energies froa aero to about 3*3 Mdv. Of these levels, eight aere 
previously unreported. 
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These results are tabula tsd as follosst 



Croup 


Relative . 
Intensity” 


QoValue 
in Jlev 


Level Value 
in M9V 


Ground 


0.93 


5.072 + 0.008 


0 


1 


0.36 


U.9U ♦ 0.008 


0.131 + 0.011 


2 


0.07 


h.6S^ + 0.008 


0.U18 + 0.011 


3 


o.5o 


U.292 + 0.008 


0.780 ♦ 0.011 


U 


0.75 


U.238 ♦ 0.008 


0.83U ♦ 0.011 


5 


0.21 


3.670 + 0.008 


l.lt02 ♦ 0.011 


6 


0.13 


3.597 + 0.008 


1.U75 1 0.011* 


7 


1.00 


3.527 ♦ 0.008 


1.5U5 1 0.011 


8 


0.50 


3.319 ♦ 0.008 


1.753 + 0.011* 


9 


0.18 


3.287 ♦ 0.008 


1.785 ♦ 0.011 


10 


0.U3 


2.98lt ♦ 0.008 


2.088 ♦ 0.011 


U 


O.liO 


2.765 + 0.008 


2.307 + 0.011* 


12 


0.39 


2.657 + 0.008 


2.l!l5 + 0.011 


13 


0.10 


2.6llt ♦ 0.008 


2.U58 + 0.011 


lit 


0.22 


2.5U7 1 0.008 


2.525 ♦ 0.011* 


15 


0.21 


2.22lt + 0.008 


2.8h8 ♦ 0.011 


16 


0.21 


2.070 + 0.008 


3.002 ♦ 0.011* 


17 


O.Ul 


2.021 ♦ 0.008 


3.051 ♦ 0.011* 


18 


0.52 


1.883 1 0.008 


3.189 + 0.011* 


19 


0.29 


1.766 + 0.008 


3.306 + 0.011* 



*PreTiousl 3 r unreported. 
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Thesis Supervisor j W. W, Buechner 
Associate Professor of Physics. 
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At th« preNnt tiaa, « ltrf» ecsitlnaiiig peroblaa In th« fi*ld 
of tmolMur ptqrslec it th« aeevrat* datamlnatlon of noelMr •nore^’ 
lavala. To data, no thaory can eorrelata thaaa ICTtla* Tharafora, 
in fanaral^ tha eellootion of acotirata naclaar data la eantlnuad in 
tha hopa that tha data «iU point tha my to an adaqnata thaory of 
mtolaar foreaa* 

For aavaral yoara^ tha I. T* alx^insalatad Van da Qraaff 
fanerator alth ita annular nagnatlo apaotrograph for partlelaa aMrg> 
Ing at 90 daipraas to tha ineldant baan provided a noat produetlva 
ml^od of aoourata anorey-laval datamlnatlon* Th» apaotrograph 
provldad a aaaaa of analysing tha energy of tha praduot particle 
groupa to an accuracy of 0*1 percent. Tha energy of tha boidbarding 
partlolaa vws mll-dafined and regulated eo that thin targets would 
yield clearly defined energent particle energy gratis. 

Haeaver^ a aajor Unltatlon of thla air^inaulatad genarator 
waa tha aaxlaa baan energy available} about 2 Mev. Thia lew energy 

limited tha field of tnvaatlgetlon to fairly light nmlal. 

/ 

Within tha paet year tha SOT-OSR generator haa been plaoed 
In operation and haa operated at anerglea in vxeeaa of 8 Wtr, 
frofttmtoe Btxiehner eneouragad ua to aake a prelixdnary invaatiga^ 
tlm of madiiM- to hii^t-atOHie-nMtoarad aleaenta to detenalne what 
apcalal problejna night be aneountarad in thia tnitrled region. Si»« 
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tifls 1 M 18 * UadLtfttion In oar problea, i*e confined our stucfy to 
«lf>MSnts ehloh are largely Konol«otoplo tn nettzre* W« succeeded 
in anklng workttbl* targets of tantalwi, Msita, and Tamdina and 
did a aaall anount af prelinlnary eork on eaoh. Our eoncliialoiiB 
wart that aatisfactoiy energy aun re y a in this region nera poaaibla 
but anoh nore coeplioatad* 

For our contribution^ aa choaa to inraatigata miolaar leeala 
in eanadiun uaing tha (d,p) raaotion, becauae it preaantad earloua 
iatriguine; teohnlcal challenges} ftarthcraore, current literattire haa 
ahomt recant interest in this eleasnt* Of the aovoral aaya Uiat 
data for a reaction can ba collaeted, ee gwaaured the nuaber af 
anargent protona at 90 dagraea to the incident dauteran baaa veratia 
aaergant proton anargy for Tarloua fixed dauteron input anorglaa* 
fitti these data, aa calculated Q-wluea and anargy larala for 
uaing a standard aathemtical tachniqua* 

Tha inveati^tion of ItYals In proved ta ba »Mt inter- 
aatiiq;, ohallsnglngy and fruitful* Tb fact, to Many proton groupa 
Mara found that aa aora foroad to interrupt our aurray at an aatei- 
tatian energy of about 3*3 Mbr in ardor to analyaa and preaant our 
data althin the tiiM allotted to ta* 
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n. APRARATtlS Af© EXJCKIKvmL PROCEDtJRB 



Part A* S^ultwiaTrt 

Thtt K*n»r«l proeadum follewHKi in tbo lAboretory in doing « 
tmcinar rMetlem of this tort it to boribtrd • targot vith a deutaron 
bttn of dtfinitt tntrgr and to anal^rtt the entrcjr of the protone 
vhieh etaerge at 90 degreea to the inoldent beaa» If the targst le 
anfflelentlx thin so that the energlea of Ineident denteron and 
eaMirging protons art not greatly "straggled" in patting through the 
tai^t natarlal, the anerglng partielea are found to occur in groupt 
of definite energiea* Theee group# oorreapond te definite leuele of 
excitation la the reaidual nooleue* 

The idi equipoent need in thin preblea eat the J£[T-o;R 
Tan de Craaff gemrator, a defleotlng na^pietf a eolllaating alit 
aytten, and the annular eagnetie tpeotrograph* Figure 1 ehoea the 
general layout of equipaent In tha target rooai. 

MTr«>0!gt CieneratffiP * The pxrlnclplee of operation of the Van 
de Greaff gentrator are eell knoen* The cutstandlt^' eharaeterlatiea 
©f thia acoclarator are that it le ahlo to deliver a partiela bean 
of about l(«0“ to energy and about 0«>-aieroaB!pero intenaity* 

Timre 2 thc*« a outaeay of the gemrator* 

Pt fleeting Migaet . Tho deflecting aagnet (toe Figure 1) 
eervte at a wnentuu filter for tho boUbarding partlelea* Tho 
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COLUMN THROUGH WHICH 
PARTICLES EMERGE FROM 
ACCELERATOR 
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Figiire 2 



This shows a cutaway of the ONR accelerator 
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CHARGE COLLECTOR 



GENERATING VOLTMETER 
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WINDOWS 
2-50 hp 1800 rpm MOTORS 



BELT TENSION ADJUSTMENT 



LEAD SHIELDING 



DRY ICE TRAP 



MERCURY DIFFUSION 
PUMPING SYSTEM 



CORONA COLLECTING SHIELD 

EQUIPOTENTIAL SHIELD 68“ ID. 
HIGH VOLTAGE TERMINAL 30" DIA 
POSITIVE ION SOURCE 



400 ^/in* STEEL PRESSURE 



FIELD CONTROL RODS 
INSULATING BELT 



DIFFERENTIAL PUMRNG TUBE 
MANHOLE 




MOVABLE PLATFORM 



90® PORTAL 

BEAM AXIS 

SLIT SYSTEM 
MASS 2 PORTAL 

ADJUSTABLE MAGNET BASE 



12 MEv POSITIVE ION ACCELERATOR for M.I.T 



gemmior aceal«ratss the particlae vartieally dcwnwsrd into tht 
dtflooti!He a»gn»t th*y *re deflected throtsg;h 90 ciecr*«s (\?h#n 

the e*t5*>r«tor It *t the proper rolttge) into the tilt systtm* Of 
eevtrst, the wet of the bo?«S5arding particle It known to that the 
aoaontnsi filter tett «t tn energy filter* Thut, the deflect inf 
■igiiet la conjwwtltsn with the tilt systea tervet to define the 
energy of the beta eurrent* 

9Ht Syetea * The particle beta after paeelr^ through the 
deflecting Earntt, travelt about 9 feet horleontally tThere It pattes 
through an energy-control allt tet at about 1 i^Llllaetar* It then 
entera t rectangular tlot cut in tha flrat pola pleae of the tpao> 
trogxaph where it peases an er»rfy-d« fining elit, ■which It a hori- 
tontal tilt about 1/2 aa wide* The baaa then patses through the 
target lo<»tcd in the pole face gap. The purpoee of the slit 
ayttea le to define the beaa. Halt ite energy tpread, and tupply 
a corona-control algnal for generator roltage control* 

Spectrograph * The atectropaph, see Figures 3 and h, which 
hat been described in detail by Strait prorldes a tmlfom aag- 
laetlc field whose llnca of flux are paiallel to the liwidont bean 
and extend over an amiOar region of aean dlaaeter 70 oentltetert 
and ab<mt 5 oentlastere In width* 
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Figure 3 * 



A view of the spectrograph, deflecting magnet, and 
collimating tube. 
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AjrpeMhiA to tho •^trocmpli at bottcw la tba iarfot l»ox 
ai)lch JiouiM a rotabla ahaal^ oa iriiich aavan tarfeta tmy ba aomtad 
radial}^* Thua, saTtn tarfata ar« availabla for i3aa althaut braab- 
ing latauTSi* Tha targat ia ao plaoad that ita aomal Uaa about 
baXfaay bataaan t^>a diraetlon of tha Incldant baaa and that of the 
thargad partlola aaeti^inf at ?0 dagraaa* 

01aaatrioally oppoaita ta tha alot eot to adalt the imidant 
baaa and targat ho3d*r, a aaoood alot out la tlia pola pieaas pemlta 
tha laaartlon of tha phatographio plataa uaod In dataeting tha chargad 
raaatlan fsrodueta* Tha platoa ara placad In tha flald aa that tha 
langth Xlaa Yartlcalljr alaog tha dlaaotar of tha aagnat* Thua, a 
Plata oarart a aaMantm ragion corraapaading to tha product af tha 
flald and one-half of tho affecilTa length of tha plata* The Hr 
aomarad a plata ia farlabla dapandlng upon tha region) at Hr of 
about )i^0 kllogavMa-oantlmtara, tha plates oovarad about SO kila> 
gausa oantlaatera* tha plaias ara positioned at about 30 dagraas to 
tha plans of t^ia pole pleeaa* A plataholdar, uhioh holds flva platas, 
alidoa In tha eaasra box and alloaa for euocoasi^ axpoaura of theao 
platea without braaklae vacuunu 

In condunetlon with tha eawra b<sc ia a Ufdit and alit a^s- 
ta« which oan oauao a sharplj defined llfht beam to ahine aipiinat 
the book of tho photographic plata when tha plate is In tha ©jcpoa- 
«B*a paeltion. This Index rarks tha axact noeltlon of tha plata in 
tha Mgnet* Therefor®, tha dlstanca of a particle group fro« tha 
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Indknc mrk !• th« the dijusirter of ccrwitur* of the Krotip 1* 

rediaoed fro« the eallbmted dlaaster to the Index nark^ 

Conneeting the target chaiijer itlth the eamra box la the 
■C* chaatoor efhloh 1» t 18(Wtogree annular tacnoa box, rectangular In 
erase eectlon^ that la slipped betman the pels faces of the aagnet* 
It Is through this cbtnber that the pro!uet partlclaa travel fro« 
the target to the photographic platea* 

Tho tai*get axpoanra la aeaaurad hjr an Intogratlng circuit 
daveloped by Hnga^» Mwit of the particle bean continues through 
the target, throuj^ a rootangclar slot in the aecend pole place to 
be coUeeted in a biased Faraday oago, ani than inteerated. 

Atnelllary PgxrilpiiBnt and Calibration . The photographic plataa 
sera ^aatsan Kodak IfFA asRilaloni of 60-«leran thickness. They vers 
counted by neans of a Sponoer dark-field, binocular adcroaeopo, in 
ehioh 12X ^piaoea vere used. The objective lens vtas 201 ar isJK. 
Vith 20X ohjeative, the field ef rlew on the photegra^c plate ua# 
ene-half nllliMter by one-half sdllinctor. for a given setting 
along the length of the plate, cot&ts sere taken aeroaa the read- 
able width ef the plate. 

The separation of -ttio beam line on tho target fro« the index 
mrk on the photogra^i^ic plate is meastrred by asMns of a poloniua 
al|)ha-standard. A polcxiiust-coated vrlre is placed ai^rcximtely in 
tho target poaition. The field la set and a plate exposed. A 
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Mioroccople nMswMnnt of tha s«p«7«tilaR of tho bean llzHi fro« 
the flenivm wire 1« Mide hf 8^jee«e«l¥alj p09lti<»iltiS a bosbardtd 
tarfat and then the polonlxai vlir« la the field of the aloroacepe* 
The aeparatlon of the alpha-group froa the Index^ the field aetting 
and the aeparatlon beteeea the eire and the baaa position g Ive a 
aaaaw^ of the dlaaeter frea beam to index* 

The aagnetie field la adjusted and neasured bf tha nuolear 
■agnatic-aeaaTrt roaonanoa aathod* Thla anthod conelsta a«sentlall 7 
of naasurlng tha Arequaney at nhieh quantisa ji a ap a of tha erlanta- 
tien of the iMgnatle aoaaata of or a proton ooeur in an aqueona 
aalutlcm ef LlCl* Tha LlCl la containad in a saall glaes eapaule 
poslticEued in the center of the pol/) face gap* A seeondaxy stand- 
ard Is usad for fnequeney aoastireaent* It la "zaro baat" dally 
against one of the broadcast froqtiancy standards of Bureau of 

t 

Standards station 

Birt *• IhcperlMwital IVoeedtEre 

The experimntal prooedvre ehlch see foUoeed ms rouf^ly 
and briefly as folloes* 

The ensror of the boiibardinn deuterone eas established V 
sotting the desired ocgnetic field in the deflecting sngpet* 

The exact enorcr of the detitorons ms soasured precitiily by 
exposing a photographic plate to ebserre elastically scattered 
dauterons fro« known target nuclei* (For Eij • ?*00 Kbr, and 
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• ?*7U JfeT, twa tuwd for this w^surwRatj for ^ ■ 6*1|8 
•to 

Mrr 0 mo ^»td*) 

Aftsr ths elastic plats had b*«n taken, snc no ssIts tarvey 
platss ««r« «qpcK)ed| ths dsHsctlng nsgnst sstting uss left undis- 
turbed, and adjwtieents sera neds only to the epeetrograph napiatie 
field betsftsn rtans* 

The plates sere denslopdd and read, and ths data sera plotliad* 
The sxperienoe of ths laboretoJT^ has sheen that tha bast ordinate 
for aneror dateradnation eorrespcmds to a point 1/5 of tha -eay up 
on tha high-enarey side of a peak* This ordinate aaaas to ramln 
Qonatant, regsreUses of target thickness er tax^t exposure. 

The oalculatlcxM vara Uien Mida, as diseussad in Hart III* 

Ths boabarding energy ate ohosMi eub^aet to asTnul gorsam- 
Ing factors. A good epprojrlaatlon for barrier height is 




This shows that the Coulorfo barrier is about 6.2 for ranadiioB, 
so that it wea deslrabla to hara an anargy of roughly that anount 
to idnlnisa axpoeinre tins. lh» aero lioitad at tha upper end in 
boabardinc anergy ly tho fact that the apeetrograph cannot be aat 
up to analya© particles with noaentt* greater than that corrasp««3d- 
ing to a value af Hr of li79 kllofaucs-cantiaBtera, because the 
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fxwqutnc^r «f ttie prMwni equipment is Italts^ to 22.1 aca* This 
McantsM flfutw liatlto tho anargy of tbs protons to about 10*9 Nvv* 
&lnca iha Q-raloa of tha Y^^(d,p)V^ raataiion for tha gronnd atata 
la aboat 5*06 tha Mkadani dautaren vmtfSf Daa Uuitad to about 
6 « 5 » Mav toe tha croand atata. Tha adidaMa affaotiaa oparatlng 
TaltSfB of tha gamrator ia aboat h Hst. 

Bataaaa thaaa tna Xlatlta, aa naadad at laaat tao hoahardlng 
aaargiaa aldalgr anaiigh aaparatad ta ba af aalaa in aatabXlahtag tha 
aaaa of tha aottroa of tha eraufNi* TtmOf as ajibitrarlS^ ehaaa ta 
uaa Kg " ^*00 JUt aal Kg * $•% Ww foe tha girowad to l.liO-Mrr 
larala and Xg « and Eg • '6.ij8 Mrr far tha l.lO-lter to 3*31» 
Mrr larala* 

With thaaa boabarding anargiaa, about a third of tha proton 
graapa fall In tha ragleti of Hr graatar than hliO, nhioh la a ragion 
ahara tha High Toltaga group had oparatad ymrf Httla prouloually. 
Inseatsraolaa nara axpaetad In thla araa baeatiaa of all^ fiald 
fringlRf at 'ttilt hi|^ fiald aatting* Thla affaat appaarad raxy 
all^t on tha baaia of oar raaulta* 

This ragion of blffh Hr praaantad anotbar preplan in thst^ 
ImrOp both protana and dautarona ara anargatlo anouf^ to panatrata 
tha 60>aribarcm pkotafraphic aaailaion and, tbua. It treuld ba Imoa* 
aibla to dlatlngttlali protons fron davtarona an tha baaia of track 
langths* Tbarafara, the phat ^^ rrap hi o plataa nara oorerad nith tao 
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]« 7 «rs of alwKlmM foil, vhloh nas enough to stop doutorooc 

and alpha*ptrtiel«« thia mm»rA>wt, btti It alloeed protena 
to paaa throuflh to the phototeraphlo onnlelona* 

la operating the a^idpMat^ our inexperlenee at firat 3jod m 
into aeveral pltfalla. than argr target expoatxra falXa to yield 
aeefcl inforeatlen beeaaae of an aroidable aietaha, the altuatlen 
ia dlaai^intlag, to aaj the laaat* Mora laportant la the faot 
that aareral nan-hottra and Mchine-haora are aaatad* Whila it 
aouldl be alaioat iapeaalblo to arito eoapletely detailed laatrusticBia 
for the eperation of the aqnlpaemt, the following "do* a and doo't’e” 
eoald profa vary traefal to at^rone kncatii^t ia gBaeral the aparatinc 
preea d aro and yet havlBf littla eperating axperiancat 

!• Do not leave naslaar-traok plataa ia the tarfet 
raeai anlaaa they ara aotaally in tha apeetrograph* The hl^ neu- 
tron flax In the rooa when the eetchine ie operating eauaee "knoele- 
proton traeka ia tha awHeion at randoa diractlena and aal»a 
aoonrata eoantlng diffiault or iapoaall^* 

2« Poaltion the target eo that aene of the target 
fraae ie vlelble through the ehaidser vindaa* Tho poeitionii% 
ia erltloelj^ ainoe ^ fram oaa yield m hl|^ baelsgrotaid if it 
"eeea" both the been and tho ehaidier. Alao, tha target yield 
ean bo greatly redaeed if the boaa aerie on the target ia not veil 
aliipeid vith the ”C.*' ehaaiber entranoe* 
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3* RraMtMir that «bor» «n of about klloaauaa- 
centiaiotara, it is not posalbla to diatlngolah batwoan dauttrooa 
and icTotmM bijr tznck louf tha $ uhsn using 60-nlcron f iln uithout 
altMdJMMi foil* 

U* If altaid 2 nai foil la t»«d^ it aeuat ba aa anooth aa 
poaalbla* Wriiddea tand to broadan tha protcm paaka and to ran*> 
deadia ^ ongla of partlcla antrenea into tha amolsioo* If banana 
oil ia uaad to atick tha fail, ro«aiid)ar that the aurfaoa tanalon 
taada to ’’suekf tha oil oaar tha plate, ruining tlia area it eowra* 
Va found that attaching tha foil to tha plataa uith aooteh-tapa 
taba uaa a prafOrabla tacbnlqua, aa uoU aa affording Xeaa daneax* 
to acratchlng tha dalicata aoulaion during tha foil ranovalt taba 
oa ona adga act aa a hinga after the ether edge taba uera aerarad, 
thua alloving the foil to ba lifted* 

5* Vhan loading plates, rewniber that ttw canora boa 
ean ba isolated froei tha rest of tha umouui aysteui and openad ta 
atnoaphera only uhan tha plataholder ia in tha axtrana ia ar asctrona 
out poaltion and tha chuddar uolsa is eloaed* Opening tha 

aaaara boa to ataosphara at ary othar tisw uiU break tha targata 

* ^ 

by allouing a euddan ruah of air to anter tha targst ohauhar ria the 
*»C*’ ehauibar* 
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ftirt C* target yrepamtlon 

T)m tariptfl tMMd iB this experlMnt conaiated of thin layers 
of port tsmdloai tmtporsttd onto thin Ferxttr bsektncv thlch^ In 
turn, Ivors sopported mi torgtt frosts (shctrn is flfiixres $ and 6)« 

The Foravar tacking is prtpartd ty dissolvisg about 1 graa 
of Fonmr potdar in 100 ac of ottylont dlehloridt* A drop of this 
solution plastd on a ssooth surfaco of distllltd satsr forss a thin 
fUasItioh can ba dippod upon tha targat fraaa. Fils thlcknoaaas 
of about a thousand AngstroQ units can bo nado in this faoion* T9a 
fount aftor oonsidarablo axperionco sith tho hi^ toaporsturos 
dottlopod in the otaporation systos that six double layers of the 
fils tors tho adnisns oaostit vdiioh would stand up ur^r tho wonadiuB 
otaporotion* Tha baeklnga thus prepared aro eosposad of carbon, 
Slogan, and a traea of nitrogsa. 

Tha esaporatlon systos oonsista of a astal tabla upon which 
a ball jar. is aoiutted on an annular rubbar gasket* Tbs table hoasos 

'‘y 

* X 

a li^uld««lr trap, an ion lacuus gaga, a tharsoeoi^ls tactaa gage, o 
emiUbl panel, a haating circuit, as orifiea and plurisii^ systMi 
whieh leads to s omury vapor panp, and a aeehanieal fore putp* 

Four tronaa rods aerot vertically Into tho top of the table 
to fors the mspptxti, for tha target fransa, heating uidt, and target 
Mtarial* Too of the rods are ’hiirad’* to supply the heat for tha 
avaporatlon* 
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on thB first attssptf to n«ix>rsts tlw ssnsdlMB, «s s^^paortsc! 
«be«t oig^ tsrcst fxsMS on hsrisontal rods cltapcd to ths min 
vsrtlcsl rods* A 1/2-inoh carbon rod about ii” long sat sospsndhid 
bstsosm tbe slrsd rods \sy mutm of two tsntalia "adaptsrs" sblsh 
hsXd th« oarbsn rod vlth good slsctrloal contaot* Tbs adapters 
sere held firm by staialesa-HiteeX clasps to the horlsontal hrmase 
rods* The carbon rod see "necked doss" in the center and a hole 
sas aade in the top of this neeked-dcsn portion forsinc a "boat" 
in shich to hold tbe vanadiss pellets* The boat fexwd a hi^ 
electrioal roaistanoe and^ henoe, eocKsentratad the heat under the 
sanadituB* 

This sethod failed i If the heater current sas up 

too qsiokly, the maadiua apparent!/ vaporised locallgr and shot 
off "bullets" shich brake the Fororsar backings; if the heater onr- 
rent sae bron^t up alcerl/ enouid^, ttw vanaditsa nelted uniforni/, 
but it then sade good elactrleal contact «ith the carbon* The 
resietanee loeertd at this point so that the habiting sas no longer 
looalised at the sanadiuaa* 

Three steps sers taken te isprcfvs the aitaaticn* First two 
brass rings sers fashioned to be eupported bjr the vertical rods and^ 
in turn, support concentric rings of target franes (see Figuraa 
6f and 7)* Cars sas taken during inataUation to center the aeseabl/ 
and to keep apprcacinatel/ equal radial dletanoea fko« evaporative 
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point. «lth thU "•olid angXi” wnmt, m mv *bl» to fows «n 
UMbrollA of «.bout twonty turget txmms and thoroby liierMse our 
probability of rMUalng; good on *ry oinglt nmj «'jtch sa 

Inotallation ifovtld al»o •••» daairftblo for eoarM or wcpcnsiw 
Mtorlala. Tn addition, alth cueh unlfoml^ of Intarceptad solid 
angla, at vail at asarly isotropic ssaporstlon, «s ««ro ablo to 
prodoso iMiar!Iy haaoftnsous gronpo of tarfois; this la a dlstlnot 
adsantagi, sinoa mnjr targsta ara invariably naadad to coatplata 
ona's data. Anothar attraetiva faatvira of tha momt ia that tha 
rings aan ba looatad at difftrant xttdli, thaa giving tao distinct 
groups of targets (thick and thin) far a single run. 

5)acond, an adjaotabla tripod atand (saa Pigtera 12) aith a 
hole ia t^M cantor aaa nsda ahloh sat ever tha heating al»itsnta, 
aad an this aero placad two L-ahapad piaeaa of aluaiaiM. Thtis, as 
aara able to fora an apartuza over tha spot ahars tha nmnaditta aaa 
aaporisad and to ad jttst the size of tha aperture as daslrad by 
alidlag the l-ahapad piaaas. This shisldNid ths temenr bseklngs 
fron the heat of tha steal clnpa, tantalw adaptaca, and carbon 
rod. It also rod need tha hazard of target lapurities fro* thaaa 
■ourcaa. 

Tbirdf tha idea of a carbon beat naa abandoned, inataad, 
too carbon rads, each about 2 Inohas long oare snspeadad horizontally 
ao as to "pinch” a vanadium pallat batoaen tha anda (saa Plgurea 9, 
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10, and 11). adaptara (Plfisraa 9 H) «ada so that tbii 3 r 
asfeXd «»rl losicitwUml aprlag fcroa on tha oarbso roda, as «ell 
aa to tolamta torsioc and axpaaalon foroaa during thn htatlng cycls* 

Is tha and af oaa oax^oa rod, a aaall kola ata ffrmand to re- 
aalTO a aanadlMi pallat, and tha athar aaa aharponad for a point 
aaataat* It aaa found tha atnadiUB aould than ha feaad to tha 
faaala rod aftar idilah Urn top aovar of tha aaxt>oii aarltgr aaa ground 
tmy to afford hattar laotrofMLa aaapavatioii* 7!« a«all red sea than 
ground ta near3|r a filaaint paint, aorad into eantaot poaltlan 
agalnat rauadiun, and bald taidar cmeurmmlm hy tha tanialua 
eprlJig alaap* 

Thua, tiM haat uaa aoneantaatad on tha aanadiun, foraing an 
*ataala aprair gun** ao to apaak) Vta raaiatanea did not ehanga ap- 
praaiahlj throu^Kmt tha nm, and It uaa poaaiblo to Mka very 
satlsfaatoisr targata uith thla arxungaamta 

Aftar tha annadlUM uaa da posited, tha targeta aero eoatad 
agaia uiidi tao daahls layura of Toravar* nia raaultlag targeta 
ahoaad aa algn af baaakaga uadar Vm haaa aftar axpaauraa of arounl 
liOOO alaroeoulaake* 
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P»rt A* (d,p) Ttmary 

Th« (d,p) maetloR eoei8i<l«rt4 for ion* tina 

la that jaiehanlca, uhloh eatplalntd 1»rpl«r pMMirttlcm 
ma uaabla to accoant for tbo oeoarroao* of (<i,p) roactloas at 
doxrtaron enarglaa low vlth rotpoet to barriar haii^i* 

Tht 0^i^l«er»Phillip« axplanatlon uhlek aj>peartd la 193$ 
axplftlnad tha pantiratlon at low ansrgiaa bf aaaiagine that tha 
daateron "atratchaa eat” radiaUjr «lth tha proton part rapallad 
hj tha Cealoab fiold ani tha arotron part eoetiatdLRg anopfMtad hf 
tha flald tmtil iha aavtran la aibaortod and tba proton li rapallad* 
Ibua, tliia atrlpplnc ia aara of a aautron-oaptara prooaaa than a 
raal (d,p) mnlaar raaotlon* 

Roaerar^ at hl|^h«r anarglaa^ thara la a g ra a t a r eiuiaaa that 
tha -aholt dantami la aaptared by the noalatis* Then tha nacSaia 
ean TMH«nit a rarotan In a trap (d^p) nualaar raaotlan* 

Thos, tha tam (d ,p) reaction laalJiy Inalaiaa two dlffarcnt 
prootaaea. Tha atripplng reacticm tenda to a»lt protona 1» the for- 
ward dlreetlon^ wharaaa the fiaclaar raaeblan ia iaotrople* Oar 
anperlanni dooa not dlffarentlata laetwaan the two booanae our neae- 
uraiionta aro ends at 90 de gr aaa ta the inaldant baan* 
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Rirt B* Cowgwtattonp 

13 shew* ths proton spsetrw shloh rssultsd frosi th* 
deuteron boijbftrdmnt at 5«7tt IKsv* Tha plot ms Isbslsd bjr assign- 
Ing Istters alphabatleally to saoh noticeable peak* If a peak 
sesMd to ham ssbstruoture, the aiA>p*aks eere nunbered* Ot these 
groups, «aly C seeiwd to be dm to a known lapurlty* This seemn to 
be the growadl state of frem the C^{d,p)C^ reaction. The aur- 
my ms net ooctlnmd to ■Uw point ehere the first C^(d,p)C^ 
peak should appear* All the groupe were then ascajdned, as described 
below* Another siash plot me obtained for the proton peaks dernn 
throt»fih F2 at dsuteron energy of 5*00 Per* A third such plot ms 
(Stained for the rost of the energy speetran mlng a decstoron 
eaorgy of 6*li8 lAv* 

In analysing theee data, it ms notietd ^t the struoture 
ef the peaks did not reproduoa Itself emetly fi*on <x«e energy to 
another* Theee snail ehanget nade it ispesaible for us to epeelfjr 
eowpletely the nultiplst structure at 0 end P, for instanoe* Also, 
sons ef the smllnr groups » swh as K, did not reproduee clearly 
as peaks* 

Thersfora, ss sat up th* following standards to apply to a 
group bafore m oallsd it a lurobabls Isml in 

1* Tha peaks should ham a saxlam eowtt of about 20 
or nere at each ef the two dsuteron energies so as to be sonsthiTHS 
appreciably d.lffiereut fron randon background fluctuation* 
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2* rjMki f^vvQidi ktaw « IkirSy elMrly (tofixMd 
hl{;b-«nersr •det mo that tho 1/3 h«l|^t eould b« ««11 <tet«r«dLmd* 

3* The Q**v»1t» ehould be de'tcnKLrwd to «n agree went 
of 10 kilovolt# OP lM« froM ocMfmtotioaB mk!« f^oni one or aoro 
oxposoreo at oaoh of at laaat two diffareat anorgloa* Tbla raqatra- 
went is apoarant fren tha f orwaln for w*^lae t 

Q . - > . ■ ~ (for yo° 

Hrea ^s 

Hatw for a given peak, both li^ and Q are unknown so an 
energy shift in £^ 1 , is necessary to glva two a^aaticHM to datar^ 
sdne the two uhknaens* 

This third poftrictlan la rather conasreatlys in view of tha 
probable error j h or over, it happened that all peaks which net tha 
first two requlraacnts also wst the third* 

A jjai^jle k-valm eaXeulaticn is shown here as foUsest 
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BMk A, PlAt* UH, Ft«qtMM3r 21.000 ncfl, IacIm: 11.100, « $»TUh 

Mt (ebiaimd from, caloulttltni of fflAstlcMillx soAtt«r*<i poak). 



Intlex soale reading 


11.100 


1/3 hsigbt of peak 


10.289 


A 


0.811 


Jf>o 


71.7*5 (calibrated) 


A 


“0.8U 


2r 


70.91U eantlaetars 


r " 


35-U57 eas 



21.800 aes 

H • • 13.175Ii kllofiwiii. 

1 . 6^6 w«/kllofR«M* 

Hk» (13*1T5U)(3?*U57) • Ij 67.159 kHopi^B-eontiafttora. 

®o«t* 10.39706 (proton omrcr i*bl«* for Kr • 1|67 kf-cw) 

70li - (0.159) X (A • 

lo IO.39I9O 



♦ froa eolibrotlon. 

* A I* from tables of energy vs. Hr • 
Here linear intexr>olatlon is adequate 
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• 51»96165 (calculated «s ahoan ) 

!^ - - 2.011t735 (lA «t *1) 

*tut " “ 1.008lb2 (U et al) 

Tha aosputatlon for tea mas of is as folloua i 

♦ n • ♦ 7«305 SUIT (BartholoBBS and Kinaay) 

d ■ n ♦ p - 2.22? (cauputad fro» data ty 

U at al) 

Y?2 . ♦ (d - p) « ^.080 mr 

• 50 .? 60 ? 2 ^ ♦ 1.006593 - 0.00516 

7^ « 51.9616? 

Thcraforai 

Q - 1.01910 Eq - O.96123 ¥.^ 
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J0,$96?6 

Q - ?.075 

R*l«tiTljitiG correct Ion *001 

^corr • $«0T6 

Th« r»lAtlTlttlc correction to the cILtsalctl Q-raliia -wm 
dctcmlnod aeeordlnc to the 

^ 1862 1^,,3 * 1862 1^3 ’ 931 ii^3 ‘ 

Thlt pocitit* cojTOotlon w»a found to ynry fro* about 0*8 k»r for 
• 5*7^ and Ep • 7 >*▼ to about 1»U ksr for • 6.li8 and 

tp ■ 10 Hbt, ao that tbla eorreotlon *a« *ad« bgr adding 1 |p»v to 
each elaaaioal Q«^«alTMi obtained* 

Part 0* Surtay of lapurltlaa 

la dotaralnlag the Q-raluaa, *• obtained agreement to wi^n 
10 k«T for the value* obtained at the two different bzedianllng 
eaergiee for each ef the tuenty proton groape* This egreeaent ie 
better Ueui could be expected eoneldering the pr^ble errors 
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«««lfn0d to tlM Q-<val\»s. if this &Q 1« «a«0Mid to tw 

eawMid ontiroly by th* vrong Maigrwsnt of In th« aquation for 
Q.«dot«rKlnitlon, '«• cmn aoMblJW Qniqtuitions for two diffarant waltiaa 
of to giwat 

W . (iksaJLJ!*) a,i^ 

whloh, whaa solwad for ylalda 

•Ves • ' — ' "■ • 

AQ ♦ •• 

Aa«wiBg 4Q • 10 kar and tha Xarcaat i«l«3 of 6 Sq, wa obtain 

aa tneartalQ^ ia of about '5 am. 

Of eooraa, thia maae that aathamtlcalDy tho 
■i^t ha'va baea eauaad by tha (d,p) raaetion with ary nuolaua of 
aaaa batwaan I46 and 

Tha |»aaanoa of axQr Bveh Ijapurity in aa aaotmt 3area enough 
to aaaaa an appraaiabla proton yiald doaa not saaa posslbla, since 
tha Former backings haws baan larastlBatad axtansi^ly in tha 
laboratory and shewn to contributa only C, 0, and faint S groups, 
ths ahavlaal analysis of tha waasdina used in ^o ewapcratlon is 
glwsn by tha Vanadlua Corporation of Ansrioa ast 
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VamditM Ifetal 


( 99 •! percent pure) 


? 


96.6 - 99.B ” 


Si 


. 0 ^ " 


Fe 


.05 ” 


A1 


less than .05 " 




loss than *05 " 


0* 


balanoe 


Here i«s med alee note l^mt wnnadluta is practically 
iaotopLe, consisting of 


7« 


99.?6 percent 


fS* 


.214 percent. 



A« an additional check on the ii^mritlca, a proton clastic 
sxmrcy ^as aads of the actual tarif^t used* ilno survex extended 
from a aass of «o dosn througjti the caxt>on gzw). The plot of 
the survey la shemn in Flg:ure Ih* An analysis of the peaks is 
fliren below* (for Ein = 6.^2 Jfev) 
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Figure lU 
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Th«r«forBf th« •lAttlo «un«]r B—m to chav no tmo* of «n 
liapurltj n^iioh could glv# rise to ti» pockt ••erlbed to T^. Kcn»- 
it la fair to point out that th« mry Inpurltlaa, u4ileh could 
thooratlcally aauaa the proton groups, arc the onea uhleh would be 
terjr difficult to detect In the larna peak* 

Moreover, on the basic of the ranadlua anal^fsla and a conald- 
oration of the cYaporation syaten, It la laprobable that the groupe 
tabiQated later could be caused bgr apf other reaction than 
?5^(d,p)T^2. 







j* / i» 



f^ri D* Probable frran 
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The aMifiBWMit of standard dariatloni or probablo arrors to 
tho Q-vaXuos dotonliiad MS not poaslbla on a atatlatleal basia^ 
alnoo the niMlbor of MsstsroMnta oao too sail to permit a statia- 
tloal troatmaTYt* 

An unoartalntx mas arrived at bj examining each step of the 
preoesa bgr mhlch a meaamrenent la Kde In this laboratory* These 
sourees of poaslbla error^ mere the valve of Hr for polenlom 
alpha-partlelas^ angle of Insldent beam mlth msdian plane of ann»> 

lar magnet, derlatlon of ebaermatloo angle frvm fO degrees, tmrfaoe 

1 

eontaminatlon of target, plate position, position of leading odgo 
of group, stabili^ of amalar aagaetle fiold, stability of doflaot* 
ing magnetio fiald* An vneortaixity mas assignod at eaeh stsp, and 
^bose souress of orrors mars oonpouaded to give an overHill nneer- 
talnty of the ^matlty measmrad* 

EUdni^ made an amlysia of this sort for the meaevrement 
of omtpmt enercf and eonelvdad that tha ftmetlonal vneertalKty la 
about ^*6tl0,000* 

Turner^ mada a statiatieal analysie for the measvrmnent of 
input energy and oonelmded that the vneerteinty in the meeeureaent 
of Ij^t energy ie abemt 0*1 pereent* Althome^ if is measured 
fyem alastie soattering, tha imeertalnty ahould be the emme aa that 
for Bovt‘ 






^ m 1^.% %t4Ma%^ t» m^fmirm ^ 

X«*^»Um A m tIdVMt #« •«» l^jjrro^Afc MCI^-V ClM 
A XXMI ••» iiH^AiVAA^A %A^» AMl9 

lABjt 

^ <|«M 11 lATlM ^ t» ti««h'tlA AM •* 

. f 

ffA^ , li^f aimOT AMt aI a^M aI #bwam»m * dnittw j0 acmo^ 

•^04 to MCo <AX* MkT jiV^AfU to «CfAA J*|>«1 aXa 

o^t«« ^ «0^ Al*’**i «— I Min'iMii »/#«!▼«* '•*< 

to ssolrflue^ fUaiftoi^ «iol« ^ mifmom0mo 

lA 10»Xii4AiA fhXAJlt AifIBJM 1t«£0»A V to 

•■I ,000% f<Mo ^A iMIfXAM A0 fiOlliiMW l flO oiJa^0 1^ 

-ffltiwr xro^%r»% uA ovX» e# Imimom^ *nm o-*m?» 

..bowoaw oAt to 

0a0VNUMi M£ ml 0 t*« olili’ Al#!^AO o* VaAt£t 
Ol ymofwn X.*.A^i»0^ «• AOMfSOO too TI^AM i»W«M to 

tbdijA 

to Ai»w ^ t #— r AAi Oil# «tot*MA CflUtoiAiiOo A o^rr 

JMMWlflAP •r'* 0l ^«.€AM«AM oAO APtA {^0««3 #»d 

t- -r^i iJ Mj^t IX d^«c*t% .#«oM«o r.n %i ^ 90 Mw« lo^x to 

i4j^ Mt hfnri*t %A*^JoA«ao «ttt ^^lMa^ooo blfOAlo aAAA 






Q 



♦ «o 



)Ko 






)Kin 



•o that th« vnoartalntj la Q la tim aqmra root af th« am of tho 
aqrarm of Iwo %*rm, aach of ahlah la tha produet of an aaargsr, 

Ita ftaotloaal «neartalntsr» and Ita aaaa ratio factor (near unity 
for T^O 

For aaoh Q«mlua, tha hlgjtMit aalua of Eq and Ejji aaa ehoaan 
ia fiat eonaanratlaa raaulta* Thia aaamaa that tha laadlng adgaa 
of all paaka aara aqually mil daflnad* uneaitalntlaa all lay 
tNitaaan axaS 5«5 kaa* 

Tha aalua of 8 tear aaam oomarvatlva, aa far aa raprodual- 
blllty of data la eoneamod^ clnsa all of our W>aialuaa fall vithin 
5 h»Y of tte amraga ralua* 

Tha uncartalnty of tha laval Taluta ma tha aqmra root of 
tha am of tha aquaraa of ^ greund-atata unoartalnty and tha paak 
q-mlua uneartain^* Hoarvar, a cmllar meertalnty in laml aapa** 
ratlm can ha arrlmd at ahaaamr paak aapamtiona can ha xsaaaurad 
on the aam plate* 



csxuoi ^*\ 



M a# ^ •Ujnm ai 

mm mt§ «i >*;><« lon r ^, t* «lii %^'^immHci m«f«& 

«<#M|rfini 

a %• lavnX *• •sSfc ••< mmm •X,i4 tl 

mt haf tilira aat f a K ^fVcl 4S/«raf« ^'is£ *>M tiiXW hsrs^m^ m 
^mm m 4 o*«f «irf ^ialooi 4ii^ir 

%mla tJTia 

At«*«X lnpi»i (Mi« 'Pf car mlimm 

,»aa^^ulPQB ® xjL“^*1 wkisV W*»j( 

€>•*• If inf ^«cH V^T mah mt »i^-v ^ i<Tr» 

al 9i.m^ *isi p)t/<v£>pv9 t'^min4k Mrat J'vmmik y$ Wi»*:^.o 
#t tpi^i^^iitPWU («,l») •mLmm ^xam «««• 

•t£ aM /itfla iNdw iiao ^0 4tmtmm^ «.iv^i'**i^<»d *aA oi 

•jji 1& taUialA^niPkiv »n«^ ^ 

rnmm tfimm ftl mmrnmig* dUUMV i mm m 
Ml9 VKlM imtj rnHlm*A kdr 

r ^ ^ aiaiXMt^sT fp ^14* kit m9 

, •!*«•[ aiMI V» 't^H^ ^ rnt^mm aOT 

ai wi ii iwx 1,1 ■!■!■ ■«vyl aftv«A 
C4,tl «»t2 m »!mm nf l»i«i» mU 



■ 36 - 



Oat leml« eonflra all of Mrtholomm sad KlnM3r*a loTala 
vlthlB %ha micexiaintiM of tha data* Honaatr, it la afiparent that 
oar Talons lit oinaiatantlj Xoatr thaa thaira* 

, Thair vork attgc^tad that thn 0*8 Inral mo roally ISTolt 
«ith a oopaimtloe of ^0 krr* Thaxa m haro two aoH-oopaxatod 
gfmpm at 0*7^ and 0*63lt Hit, a mparation of 5k Also, tbalr 
tawM^ragr paakSj^ T, J, and t, anggaotad poooibla laTolo akleh aaaa 
to oorraopond ztHipeetiTaly alth otir l*kOt, 2*307^ and 7*8k8 laTola* 
Ifa |wak mo oboaxmd to oorraopond to ^ir gaam-raj paak O* 

Tha foUovrlag tahla ommrlmo oor raaolta, along aith thosa 
of BartholaoMW and Elnoajr, and thooa of Alsraannrt 



Am V» lt» •C ^»' t 

ttmm^ *f «A ^mm^ > * **NI» M# )» «AI rM#H 

««tliil# Marfl <XOT>^ aMCw Mft 

•UnX mm ^Smm tm Smmi S«o «l» M» <H«v 

miinm rn- m» m mmt Ct ^ s 

mma «ri^ S£ ’^^rnkmmm a ao« #• ■ mw a 

MM Mt^ ^itwAM ^ tV tOiaM 



Present Work Pp^rlon* RF4ittlt« 
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